Purpose -The majority of the environmental impacts in a typical supply chain can arise beyond the focal firm boundaries. However, no standardised method to quantify these impacts at the supply chain level currently exists. The aim of this work is to identify the quantitative methods developed to measure the environmental performance of supply chains and evaluate their key features. Design/methodology/approach -A systematic literature review is conducted at the intersection of performance measurement and green supply chain management fields, covering 78 publications in peer-reviewed academic journals. The literature is reviewed according to several perspectives, including the environmental aspects considered, the main purpose of measurement, model types and the extent of supply chain covered by performance measurements. Findings -Adopted environmental metrics show a low degree of standardisation and focus on natural resources, energy and emissions to air. The visibility and traceability of environmental aspects are still limited: the assessment of environmental impacts does not span in most cases beyond the direct business partners of the focal firms. A trade-off was observed between the range of environmental aspects and the extent of the supply chain considered with no method suitable for a holistic evaluation of the environmental supply chain performance identified. Three major streams of research developing in the field are identified, based on different scope. Originality/value -This paper is the first attempt to examine in detail what tiers of the supply chain are actually involved in green performance assessment, ultimately contributing to clarify the scope of the supply chain dimension in green supply chain management performance measurement research. The work also recognises which methods are applicable to extended supply chains and explores how different methodologies perform in terms of supply chain extent covered.
Introduction
Climate change and other environmental issues have received significant attention lately, capturing the interest of policy makers due to the potential impacts on both economies and people (Bloemhof et al., 2015) . Since the Kyoto Protocol adoption in 1997, governments have been introducing stricter rules to control emissions in specific sectors and to limit the overall impact arising from industrial activities (Björklund et al., 2012) . Organisations have lately been facing increased pressure from customers as well, demanding more sustainable products and services (Kovács, 2008) . This pressure is enhanced by other stakeholders, such as non-governmental organisations (NGOs) and local communities, who are pressing for transparency and adequate reporting about the companies' activities and can damage their image (Meixell and Luoma, 2015) .
These pressures initially targeted the focal firms, that are those organisations having a favourable balance of power in the supply chain, either by ruling the network or by providing the contact to the market (Seuring and Müller, 2008) . The pressures later expanded to the supply network of focal firms due to a number of factors. Supply chains have lately become global and outsourcing processes to countries with low production cost, often coupled with looser environmental regulations and standards, has become a regular practice (Hutchins and Sutherland, 2008) . Additionally, a significant ratio of the overall supply chain environmental impact arises in the extended supply chain of products, beyond the focal firm, including the usage phase and the end-of-life management (Veleva et al., 2003) . The World Resource Institute (2009) concluded that companies beyond the focal firm are responsible for up to 80% of the overall supply chain emissions, with the extreme example of Marks & Spencer estimating its supply chain environmental impact to 90%, with only 10% attributed to the focal firm (Beavis, 2015) . It is therefore evident that environmental performance cannot be adequately addressed at a single company level anymore; on the contrary, a holistic approach is needed, encompassing the whole supply chain (Fabbe-Costes et al., 2011; McIntyre et al., 1998) .
Scholars have developed a variety of methods to measure the environmental performance at the supply chain level, addressing different environmental aspects and being applicable to various supply chain extents. However, a standardised method has not been established in the literature. The aim of this work is thus to identify quantitative methods developed to assess the environmental performance of supply chains, classify and evaluate their key features by systematically reviewing the literature at the intersection of the performance measurement and green supply chain management (GSCM) fields. This work is the first to identify which tiers of the supply chain are measured with respect to the environmental performance, in order to determine the suitability of different methods for the environmental performance measurement of extended supply chains. It also explores the features of the supply chains measured, such as the type of supply chain and whether a cradle-to-gate or a cradle-to-grave approach is adopted.
Background

Performance measurement in GSCM
The scope of this review lies at the intersection of two disciplines, performance measurement and GSCM. The former can be defined as the process of evaluating the efficiency and/or the effectiveness of an action (Neely et al., 1995) . This is herein addressed specifically within the GSCM field, which can be defined as "integrating environmental thinking into supply chain management, including product design, material sourcing and selection, manufacturing processes, delivery of the final product to the consumers as well as end-of-life management of the product after its useful life" (Srivastava, 2007) .
Traditionally, performance measurement targeted the economic dimension only, but increased competition on non-financial aspects forced companies to include other factors (Taticchi et al., 2013) . Consequently, measuring environmental performance has become increasingly popular as its strategic role was recognised: green management was proven to enhance the long term competitiveness and economic performance (Rao and Holt, 2005) . However, as competition shifted from a company-versus-company to a supply chain-versus-supply chain form, measuring performance, including environmental performance, cannot be executed at the single company level anymore, but requires a holistic approach encompassing the supply chain (Cabral et al., 2012) . Extending the assessment to the supply chain is thus required to obtain a realistic evaluation of the environmental impacts of products.
The need to develop tools suitable for monitoring GSCM performance has also been evident in industry. Several organisations developed in-house methods to assess their direct suppliers' sustainability performance through scorecards (Renewable Choice Energy, 2012) , while the SCOR framework, a framework for assessing supply chain processes performance, recently introduced a specific section on environmental aspects in version 11 (APICS, 2014) .
Previous Relevant Literature Reviews
To provide the context to this work, previous relevant literature reviews were analysed 1 . Initially, literature reviews in the field of GSCM, such as Srivastava (2007) and Seuring and Müller (2008) , addressed the problem context and set the theoretical grounds of the field.
The investigation of quantitative modelling and performance measurement for GSCM followed chronologically, with the exception of an early review of Hervani et al. (2005) . A better definition of the purpose of the measurement (Björklund et al., 2012) , a clearer definition of the meaning of sustainability performance and its related goals (Beske-Janssen et al., 2015) , as well as a wider inclusion of stakeholders (Björklund et al., 2012) were identified as areas for improvement at the design stage of the performance measurement systems (PMS) Considering the environmental impacts, reviews highlighted that, when multiple sustainability dimensions are addressed, methods tailored for supply chains very often only address a single environmental aspect (Beske-Janssen et al., 2015; Seuring, 2013; Taticchi et al., 2013 Taticchi et al., , 2014 . Limiting the performance metrics assessed when multiple organisations are involved may facilitate data collection and its use for decision support, whereas expanding the scope to multiple environmental impacts may challenge the methods' applicability (Liu et al., 2011) .
Another hurdle to the diffusion of GSCM PMS was identified in the lack of standardisation in the field: despite SCOR gaining popularity in supply chain performance assessment, a universally accepted framework does not currently exist (Taticchi et al., 2013 (Taticchi et al., , 2014 . Moreover, a significant number of metrics were developed in sustainable supply chain management (SSCM) with a low frequency repetition (Ahi and Searcy, 2015; Shaw et al., 2010) .
Finally, despite the focus on quantitative environmental performance in supply chains, only three reviews investigated the features of supply chains involved. Beske-Janssen et al. (2015) pointed out that the focal firm is usually the focus of the measurement despite the supply chain perspective being investigated, but also identified a surprising vagueness in the definition of the scope of the measurement in terms of supply chain tiers considered. Brandenburg et al. (2014) and Miemczyk et al. (2012) investigated the level of analysis of the proposed methods, proposing different classifications. However, despite the declared focus on GSCM, no review clearly investigated the supply chain extent covered by environmental performance measurement.
Thus, it can be concluded that existing reviews focused on the theoretical background of GSCM performance measurement, but lacked in providing an in-depth investigation of the supply chains the performance is measured across. Specifically, none of the previous reviews clearly investigates the supply chain extent covered by environmental performance measurement in conjunction with the type of supply chain, differentiating between forward, reverse and closed loop supply chains. This work addresses the knowledge gap identified above by focusing on the supply chain extent and other supply chain-related characteristics of methods developed for GSCM performance measurement. Moreover, it is the first work to evaluate the supply chain extent coverage of methods in relation to other key features of the methods, including environmental aspects considered, the purpose of measurement and model types, identifying relationships between them.
Methodology
A systematic process is adopted in this study, allowing a transparent and structured approach to investigate the body of knowledge in a specific field (Fink, 1998) . Systematic literature reviews are widely accepted as a standardised approach to analyse published materials in the management field and are recognised for minimising bias in paper selection and offering the opportunity for research replication (Tranfield et al., 2003) . The process followed to conduct the systematic literature review (Figure 1 ) is based on Jesson et al. (2011) but applies the inclusion and exclusion criteria stage twice instead of once.
Firstly, the need for the review was established through an iterative process of analysis of the literature in the field, focusing on previous related reviews. Secondly, the aim and scope were established, leading to three key research questions: RQ1: What environmental performance metrics are adopted at the supply chain level?
RQ2: What extent of the supply chain, both upstream and downstream from the focal firm, are environmental performance measurement methods and related metrics addressing?
RQ3: What are the quantitative methods adopted to measure the environmental performance of supply chains? Is there a relationship between the type of method and the extent of supply chain covered or the scope of the work?
Two databases were selected for sourcing the articles. Scopus, as the largest peer-reviewed journal database in the management and engineering fields (Ahi and Searcy, 2013) , and Web of Science, which particularly focuses on management (Taticchi et al., 2014) . A structured combination of keywords was selected to conduct the database search ( Figure 2 ). The four groups of terms encapsulate the review scope by highlighting the required supply chain context and focus on environmental dimensions (first two groups), whereas the last two groups target the environmental performance measurement. Published articles in English language in peer-reviewed journals up to 2015 were included. The 4532 papers resulting from the keyword search went through a multiple stage-gate process. Duplicate papers were removed and article titles were screened for relevance, leaving 710 papers. Abstract screening followed, reducing the number to 185 papers. To increase research reliability, two reviewers performed these stages independently and compared the results. Any disagreement on paper inclusion was followed by discussion until final consensus was reached. Nine papers were not assessed due to full text unavailability. Finally, articles satisfying the inclusion criteria for both titles and abstract were read in full and went through the content analysis stage.
The criteria for inclusion at the content analysis stage were: o Clear evidence of two or more tiers included in the environmental performance measurement; o Level of analysis limited to a single supply chain or single product. Papers with a wider level of analysis such as industrial network, industrial sectors and regional analysis were not considered;  Environmental dimension: strong consideration of the environmental dimension of sustainability; the method should target the measurement of the environmental performance, rather than the enhancement and organisational efforts to achieve it.
After the full text screening, 78 papers were ultimately considered in the review. Each paper was analysed according to the following key aspects:
 Environmental performance: environmental inputs and outputs considered, distinct metrics adopted;  Supply chain: number of tiers upstream and downstream of the focal firm involved in the environmental performance measurement; type of supply chain (forward, reverse, closedloop); cradle-to-gate or cradle-to-grave approach;  Methodology: model type, modelling technique and solution type;  Scope of the work.
Bibliometric analysis
The temporal distribution of the 78 papers included in the analysis is depicted in Figure 3 . The earliest publication is McIntyre et al. (1998) , presenting the Environmental Performance Matrix to analyse the environmental performance of the Xerox supply chain. The chart indicates a steep increase in the published material starting from 2011 with the peak publications number reached in 2015 with 23 papers, indicating the novel and developing status of the research field. The 78 publications are spread over 42 journals, which can be clustered into two main groups: management-oriented journals and engineering journals with a more technical approach. Table I provides a summary of journals with multiple papers in the sample. Journal of Cleaner Production has the most publications (17 papers), accounting for 22% of the sample. The International Journal of Production Economics follows with 6 papers, whereas 5 publications appeared in International Journal of Production Research. Overall, almost 44% of publications appear in the top 5 journals in Table I . None of these journals has supply chain management as its core focus; it can thus be concluded that journals with an environmental or production focus are currently addressing the supply chain environmental performance topic. Finally, 30 journals appear only once in the sample, showing the multidisciplinary nature of the field: these journals cover various disciplines including mathematics, energy and computer science. 
Journal
Number of Articles Authors 2 Journal of Cleaner Production
17
(Baboulet and Lenzen, 2010; Brent and Visser, 2005; Govindan et al., 2013; Jakhar, 2015; Joa et al., 2014; Kannan et al., 2015 Kannan et al., , 2013 Kannegiesser and Günther, 2015; Lee, 2011; Manzardo et al., 2014; Mintcheva, 2005; Nagel, 2003; Nikolaou et al., 2013; Schmidt and Schwegler, 2008; Schmidt, 2015; Tajbakhsh and Hassini, 2015; Tsoulfas and Pappis, 2008) 
International Journal of Production Economics
6
(Bai and Sarkis, 2010; Hashemi et al., 2015; Mahdiloo et al., 2015; Sarkis and Dhavale, 2015; Sundarakani et al., 2010; Zakeri et al., 2015) 
International Journal of Production Research
5
( Azadnia et al., 2015; Brandenburg, 2015; Koh et al., 2012; Lu et al., 2007; Yakovleva et al., 2012 Ahi and Searcy, 2014; Bernardi et al., 2012; Bojarski et al., 2009; Bouchery et al., 2012; Boukherroub et al., 2014; Caro et al., 2013; Charmondusit et al., 2014; De Soete et al., 2013; Dotoli et al., 2006; Du et al., 2015; Fahimnia et al., 2015; Gerbens-Leenes et al., 2003; Giarola et al., 2012; Jakhar, 2014; Jamshidi et al., 2012; Lee and Cheong, 2012; Mellor et al., 2002; Michelsen et al., 2006; Ortiz Gutiérrez et al., 2013; Pålsson et al., 2013; Ren et al., 2015 Ren et al., , 2013 Shi et al., 2015; Trappey et al., 2012; Tuzkaya et al., 2009; Yazan et al., 2011; Yue et al., 2014; Zamboni et al., 2011; Zhang et al., 2014 )
Results
Environmental aspects
The first investigated aspect is what type of environmental performance is measured, answering research question 1. The adopted classification has its methodological foundation in the transformation model by Slack et al. (2009) , according to which each organisation in the supply network can be treated as a black box, taking into account only inputs and outputs. This approach is particularly suitable for the supply chain as it adopts a higher level of analysis, without investigating details within each organisation. The transformation model is adapted to analyse the environmental dimension of sustainability, following the well-established stream of research on the relationship between the economic and natural systems (UNEP, 2010). The classification of inputs and outputs categories follows Brent and Visser (2005) , with two input and three output categories considered ( Figure 4 ). 
A. Frequency analysis of environmental measurements
The first step to understand what types of environmental performance are effectively considered by various methods is to identify the individual measurements adopted by each model and their positioning within the proposed classification framework. At the category level, "Natural Resources" was the most frequent one with 96 instances through 64 distinct measurements. Only 12% of papers included all inputs and outputs categories, therefore providing a complete coverage of the environmental dimension.
The specific metrics adopted were also recorded and grouped in thematic clusters to facilitate the analysis as shown in Table II , with each metric being assigned to a unique cluster. Metrics were assigned to clusters through keyword analysis, an established approach in the supply chain management field (Ahi and Searcy, 2013) . Metrics that could not be assigned through this process were allocated to a cluster by similarity of scope. The authors performed the second step independently and reached consensus before the final allocation decision. The most frequent cluster is "Energy use", with 37 instances through 13 distinct measurements. The clustering within each input and output category is discussed in detail in the following sub-section.
In the entire sample, 200 distinct measurements with 308 occurrences in total were identified, which equals exactly 4 environmental measurements considered on average in each paper. The ratio between the number of occurrences and the number of distinct metrics shows a very low repetition of metrics throughout the sample, in line with the observation of Ahi and Searcy (2015) in the wider context of SSCM. Metrics are often named differently despite conveying the same measurement (e.g. "Water consumption", "Water usage") or differ in being absolute ("Water use") or relative ("Water use per unit of product"). Finally, some measurements are linked to targets ("Reduce the use of fresh water"). 
B. Environmental inputs and outputs
Overall, 65% of the papers consider the environmental inputs: no significant preference was identified between the two inputs categories, as 42 papers consider resource consumption, whereas 41 incorporate energy use or consumption. Most addressed clusters include "Water use" for the natural resources category, whereas "Energy use" dominates the energy category. The majority of measurements adopted imply a negative correlation with the environmental impacts: an increase in input consumption leads to a worse environmental performance. The only exception is represented by renewable inputs, such as "Use of recycled resources" and "Renewable energy".
83% of the papers consider environmental outputs. Unlike the environmental inputs case, scholars are mostly interested in one specific category, namely emissions to air, considered in 74% of the articles. On the other hand, emissions to land and water received less attention with 31% and 15% respectively. Most observed clusters include "Carbon emissions" in the emissions to air category, "Liquid waste" in the emissions to water category and "Solid waste produced" in the emissions to land category.
A number of reasons justify the identified extensive consideration of environmental inputs within the supply chain. Firstly, there is a need to consider resource consumption at a macro level, as "current levels of global production and consumption are using 50% more natural resources and services than ecosystems regenerate" (O'Rourke, 2014) and natural resource scarcity at the global level may even threaten the existence of certain supply chains (Bell et al., 2013) . Secondly, it is impossible to reduce environmental outputs just by providing "end-of-pipe" solutions, but there is a need to reduce inputs proactively (McIntyre et al., 1998; De Soete et al., 2013) . Although limiting the problem to an overall quantitative analysis without considering the mix and characteristics of inputs and outputs, Ritthof et al. (2002) reinforce this argument by stating that the pressure on the environment is automatically decreased if inputs are reduced, as they will inevitably become an output of the system at a certain point. Finally, reducing inputs is particularly attractive for organisations for economic reasons too, as they represent a cost. Therefore, such a reduction provides win-win opportunities involving both economic and environmental dimensions.
On the other hand, it is more common to find trade-off rather than win-win situations with the economic dimension in the case of environmental outputs: examples include Zhang et al. (2014) , Boukherroub et al. (2014) and Mellor et al. (2002) . Therefore, companies are less interested to evaluate their performance in terms of environmental outputs, when the monetary outcome is less tangible. Benefits arise in the longer term thanks to environmentally driven innovation and improved brand and image value, but are rarely visible in the short term (APICS, 2012) . Air emissions are an exception to the output category as they are the single most addressed category in the sample considering both inputs and outputs. This interest could be attributed to regulatory schemes aiming to control carbon emissions introduced for different sectors in various geographical areas (Bouchery et al., 2012; Zakeri et al., 2015) .
C. Contingency analysis of environmental categories
A contingency analysis of environmental categories was performed to identify association patterns between categories and pairs of categories whose combined observed frequency is higher or lower than the product of their single probabilities would suggest (Gold et al., 2010) . The contingency analysis is performed through a chi-square test and calculated by the Phi-coefficient (ϕ), which identifies the patterns' strengths. While these patterns do not reveal causality and necessarily provide semantic argumentation, they provide statistical evidence that has to be justified (Gold et al., 2010) . The contingency analysis was applied at the level of environmental categories, as the expected frequency of each pair needs to be bigger than five, a condition not achievable with a more detailed level of granularity (Fleiss, 1981) . As shown in Table III , three pairs show a Phi-coefficient above 0.4, which is considered the threshold of a strong association between the two categories, whereas three additional pairs fall in the range 0.2-0.4, which indicates moderate association (Cohen, 1969) . Four pairs show a higher observed frequency than expected, showing a reinforcing association whereas the "natural resources -emissions to air" and "energy-emissions to air" pairs show a lower observed frequency than expected. While a justification for these pairs is found in the willingness of some authors to avoid double counting (Bojarski et al., 2009; Michelsen et al., 2006) , this result stresses a less frequent application of "Emissions to air" in combination with other environmental categories. Indeed, "Emissions to air" are applied in isolation in 24 papers accounting for 31% of the sample.
Therefore, it can be concluded that emissions to air are often treated as a proxy of the overall environmental impact. Regulatory schemes played a significant role in this pattern. Focus on emissions by policy makers was prominent compared to other environmental impacts due to their direct effect on global warming (Pattara et al., 2012) . This triggered the interest of academics to address managerial choices affecting environmental sustainability under different regulatory schemes, as in Bouchery et al. (2012) , Caro et al. (2013) , Fahimnia et al. (2015) , and Zakeri et al. (2015) .
On the other hand, "energy -emissions to land", "natural resources -energy" and "natural resources -emissions to land" pairs have strong associations. Since waste-related clusters are dominant within the "emissions to land" category, it can be inferred that these associations identify strong relationship between those environmental categories that cause economic expenditure across the supply chain. As these categories are typically addressed simultaneously, they can be labelled as efficiency oriented, since the environmental performance improvement benefits the economic performance as well.
Supply Chain aspects
A. Supply Chain extent
The second aspect evaluated in this review is the extent of the supply chain effectively measured with respect to the environmental performance, answering research question 2. Previous reviews recognised that most environmental performance measurements for supply chains targeted a single organisation and its supply chain policies, rather than the supply chain (Brandenburg et al., 2014) . However, a detailed mapping of which extent of the supply chain is covered by the current environmental measurement methods is still lacking in the literature.
In this work, a tier of the supply chain is defined as every individual organisation whose core activity is different from transportation activities only. In the case that transportation is integrated to other distribution services, such as warehousing, then this is considered as a separate tier of the supply chain for the purpose of this work. Vertically integrated supply chains with a number of activities taking place within the boundaries of a single firm are considered in this analysis as a single tier, even if activities occur in different geographical areas. The rationale behind this approach is that the decisions remain within the single organisation, eliminating challenges and barriers arising when multiple organisations are involved.
The extent of chains covered by environmental measurement is presented in Figure 5 . The bars length represents the extent of the supply chain assessed, with the green part on the left representing the upstream network and the yellow part on the right representing the downstream network in respect to the focal firm. If more than three tiers either upstream or downstream are assessed, the method is considered suitable to evaluate the entire upstream/downstream network respectively. The bar width signifies the number of papers covering that specific case and corresponds to the respective circled number. , 2014) . This narrow approach is unable to evaluate accurately not only traditional economic aspects but sustainability as well: the extended supply chain needs to be fully assessed to obtain a complete sustainability profile (Miemczyk et al., 2012) as the biggest portion of environmental impacts arise in the extended supply chain (Veleva et al., 2003) . The review shows that only 27% of papers (21) consider the entire upstream and downstream network, providing a full coverage of the supply chain.
An effective understanding of the entire supply chain is a prerequisite for measuring performance across multiple organisations. An accurate supply chain mapping can provide a solution if a centralised approach is adopted with the focal firm leading the measurement process thanks to its superior contractual power (Erol et al., 2011 ). An alternative decentralised approach is proposed by other authors, such as Schmidt and Schwegler (2008) or Nagel (2003) to overcome the rigidity of a centralised approach, especially in long and complex supply chains. However, a high level of standardisation of data is required to adopt a decentralised approach, which is yet to be achieved, as concluded in the "Environmental aspects" sub-section.
Despite over half of the articles (53%) targeting both upstream and downstream chains to obtain a comprehensive evaluation (Brent and Visser, 2005) , the upstream network is more frequently addressed: 94% of papers (73) include at least one upstream chain tier, compared to 59% for downstream chain (46). This can originate from the fact that customers' reputation is influenced by the environmental reputation of their suppliers, whereas suppliers are not affected by the reputation of their customers (Kovács, 2008) . Major scandals originating from inappropriate code of conduct of suppliers impacted several organisations, pushing them to assess the sustainability performance of their suppliers including both environmental and social aspects (Gimenez and Tachizawa, 2012 ).
However, focal firms are able to influence their suppliers' behaviour only when they have a reasonably favourable power balance along the chain, based on "purchasing power, duration of relation, personal relations and knowledge, reputation in the market" (Michelsen and Fet, 2010) .
On the other hand, organisations have limited influence on the behaviour of the downstream part of the chain (Mentzer et al., 2001) . Moreover, the position of the focal firm along the chain, when specified by authors, is typically standing midstream or downstream within the network, usually closer to the final customer. This can justify the lower number of papers addressing the downstream network, as it naturally limits the available number of tiers downstream compared to the number of tiers upstream.
B. Cradle-to-gate and cradle-to-grave approaches A further analysis considered the type of supply chain addressed by methods included in the review combined with the cradle-to-gate or cradle-to-grave approach adopted (Table IV) .
Three supply chains types are considered: the traditional forward supply chain, considering the material and information flow downstream from raw materials to the end customer (Stevens, 1989) ; the reverse chain, originating from the customers in the upstream direction (Nikolaou et al., 2013) ; the closed-loop supply chain, which is the combination of forward and reverse chains (Liu et al., 2011) . Methods were found to target forward supply chains in 81% of the cases. Remaining papers address closed-loop supply chains, with the exceptions of Nikolaou et al. (2013) and Krikke (2011) , who consider a reverse chain. The limited consideration of reverse chains indicates limited interest for them considered in isolation, whereas their inclusion in a closed-loop perspective together with the related forward chain looks more appealing to assess the overall benefit to the environment. Table IV exceed the number of papers reviewed.
Table IV
Type of supply chain A cradle-to-gate approach considers all supply chain stages from raw material extraction up to the finished product (Ritthof et al., 2002) . A cradle-to-grave scenario extends this view by adopting a lifecycle perspective, considering also the product usage phase and end-of-life management. When the product undergoes recycling, this approach is referred by some authors as cradle-to-cradle, as original materials re-enter a forward supply chain (Bloemhof et al., 2015) . Cradle-to-gate scenarios naturally neglect part of the environmental impacts underestimating the overall environmental impact caused by products, especially in sectors where the direct impacts (Chatzinikolaou and Ventikos, 2015) and indirect impacts (Cichorowski et al., 2015) during the usage phase can have the most significant contribution. Despite Elkington (2004) identifying over a decade ago a progressive change in the behaviour of companies towards an inclusive consideration of lifecycle stages following the point of sale, the identified methods rarely consider the product usage phase and end-of-life management in the performance measurement. This is particularly evident when forward supply chains are considered, where only 21% of the methods consider a cradle-to-grave scenario. The limited control of companies on the usage and end-of-life management stages as well as the difficulty in effectively measuring environmental performance during those stages can be considered among the main reasons limiting the adoption of cradle-to-grave approaches (Michelsen et al., 2006) . Table IV show a strong association between forward supply chain and cradle-to-gate approach as well as between closed-loop supply chain and cradle-to-grave approach. This indicates that the supply chain evaluation is mostly focused on the pre-usage stages unless a lifecycle perspective is adopted. Issues about product responsibility in the usage phase are often neglected from the analysis of forward supply chains as well as the end-of-life treatments evaluation due to uncertainties about different end-of-life options (Michelsen et al., 2006) . On the other hand, the lifecycle perspective is a common feature of closed-loop supply chains and cradle-to-grave approach. Recent regulations, such as the EU Waste Electrical and Electronic Equipment (WEEE) directive are trying to incorporate this extended perspective into regulatory schemes. A challenge still stands though for researchers to further incorporate the lifecycle perspective within effective supply chain environmental performance measurement tools.
Cradle-to-Gate
Data from
Methodological approaches
In this section, papers are analysed based on the methodology they adopt to assess the environmental performance of supply chains to understand what are the leading approaches in GSCM performance measurement. The authors adapted the classification by Brandenburg et al. (2014) , who evaluated quantitative models for supply chains under various perspectives. A number of additions to the classification scheme were required as some papers could not be accurately allocated to an existing category. The adopted classification scheme is presented in Figure 6 , whereas Table V shows the model types and modelling techniques analysis. Analytical models are the dominant model type with 35 occurrences. Within this, systemic models are the most adopted modelling technique, followed by multi criteria decision-making (MCDM). The combination of both modelling techniques is common, with MCDM used to weight criteria based on opinion of stakeholders and decision makers in order to link the PMS to the supply chain strategy, while metrics are used to evaluate the environmental performance. Mathematical programming methods follow with 21 occurrences. The adopted modelling technique is always multi-objective in this case, with the single exception of Ren et al. (2015) . Additionally, Dotoli et al. (2006) adopt both single and multi-objective modelling techniques. Heuristic methods are represented in 8 papers, whereas Adhitya et al. (2011) are the only authors adopting a simulation method, using system dynamics to evaluate the environmental performance of a diaper's supply chain. Finally, a common approach is using hybrid or multiple models within the same paper: this has been recognised as a way to overcome limitations of single methods (Saunders et al., 1997) .
Various combinations are frequently identified in the sample: the use of heuristic methods, especially fuzzy logic, is often combined with analytical models or mathematical programming methods to include uncertainty in the model, replicating more accurately conditions faced by organisations in their operations.
Relationship between supply chain extent and methodology
The relationship between the supply chain extent covered and the methodology adopted is explored, to analyse whether specific methodologies are more suitable to evaluate the environmental performance of particular supply chain configurations.
The supply chain extent configurations analysed earlier are clustered in four groups:
1. Dyad: either supplier-focal firm or focal firm-customer configuration 2. Triad: supplier-focal firm-customer 3. Multi-tier: configurations involving suppliers or customers beyond the 1 st tier from the focal firm, but not including the entire network 4. Extended supply chain: entire upstream and downstream network;
Identifying relationships was not meaningful for simulation methods as only Adhitya et al. (2011) adopt such an approach. Therefore, the analysis considered only the four remaining model types. Table VI shows the occurrences of each model type against the supply chain extent configurations. Mathematical programming methods prove to be similarly adaptable to different supply chain configurations, with a peak for short dyadic supply chains. Hybrid methods are also applied for different supply chain configurations, with occurrences dropping when the extent of supply chain expands. Heuristic methods are used almost exclusively to address dyads: Jamshidi et al. (2012) are the only exception, trying to extend the evaluation of the supply chain beyond the direct suppliers. It can be thus concluded that the above model types are predominantly applied to dyads, limiting significantly the extent of supply chain effectively measured with respect to environmental performance.
On the other hand, analytical models are used in every supply chain configuration but show higher occurrences as the extent of the supply chain increases. Only 20% of analytical models target dyads, below the average of other model types, whereas 40% tackle extended supply chains, a significantly higher occurrence compared to other model types (Figure 7 ). Analysing using the supply chain extent as a focal point (Figure 8 ), only the extended supply chain configuration has a clear direction in terms of model type use: 67% of papers with this configuration adopt analytical models. This result may support future researchers wanting to assess the environmental performance of extended supply chains, indicating systemic models or MCDM as the most frequently used modelling techniques. In order to examine the statistical significance of the above results, Cramer's V measure of association between model types and supply chain extent was utilised (Kateri, 2014) , which is a Chi-square-based test ( 2 ), specifically tailored for tables with dimensions higher than 2x2 and is calculated as (Liebtrau, 1983 ):
Where is the square root of 2 divided by the number of total occurrences, and t is the minimum between the number of rows minus one and the number of columns minus one. Since a 4x4 square 
Relationship between methodology and scope of the methods
This section introduces the final perspective of analysis, which is the primary scope of the papers. Three categories of scope were identified:
 Supply chain assessment (40 papers): the aim is to evaluate the supply chain performance from an environmental dimension only or along with the economic and/or social sustainability dimension.  Supplier selection and evaluation (14 papers): the focus is on the process of evaluating and selecting suppliers, considering environmental criteria along with traditional criteria such as cost, quality and service level.  Supply chain performance optimisation and supply chain design or re-design (24 papers):
the purpose is to optimise the supply chain performance by considering multiple objectives, including the environmental impact. This involves decisions such as capacity assignments, flow allocation and mode of transportations in either greenfield or existing supply chains. Figure 9 shows the relationship between the model type and the scope. Three strong associations are identified, showing a consensus among scholars in model types used to fit each scope. Mathematical programming is mostly used to optimise the performance or to design and plan the supply chain (in 86% of the cases), whereas 75% of papers with this scope adopt this method. Heuristic methods are primarily used to select and evaluate suppliers, with the only exception of Jamshidi et al. (2012) . Despite representing just one tenth of the entire sample, heuristic methods constitute 50% of papers aiming to select and evaluate suppliers. Analytical models are mainly adopted for the assessment of the supply chain performance (in 89% of instances). Finally, hybrid models are applied with different scopes, reflecting the variety of methods adopted in this category. A contingency analysis was performed to support the findings from Figure 9 with a quantitative output by calculating Cramer's V. Once again, the single paper adopting simulation was excluded to ensure statistical validity of the test. Value of t is 2 in this case, therefore a large effect of association between variables is found for Cramer's V value above 0.35 (Cohen, 1988 ). Cramer's V was equal to 0.699 with a level of significance of 0.000, confirming a very strong association between model type and the scope of methods.
Synthesis of evaluated dimensions
Each scope includes unique characteristics beyond the method adopted, as depicted in Table VII , which are evaluated to synthesise all the dimensions considered in this review. Additionally, a discussion of the potential applicability by practitioners is made.
Supply chain design and performance optimisation papers provide a limited coverage of the supply chain: the majority is limited to short supply chains and typically adopts bi-objective optimisation including economic and environmental dimensions of sustainability. A key characteristic of these papers is the detailed supply chain modelling, which limits the extent of supply chain coverable by the performance measurement. Additionally, the environmental dimension shows a high prevalence in this type of papers: all papers, apart from Krikke (2010) and Manzardo et al., (2014) consider emissions to air, while other environmental inputs and outputs receive very limited attention. Natural resources and energy categories follow being represented in only 26% of the sample. As a result, supply chain design and performance optimisation papers generally tend to underestimate the overall supply chain environmental impact due to excessively narrow focus both in supply chain extent and environmental impacts. However, the dominant mathematical programming methods adopted support practitioners in operational improvement and decision making, by identifying optimal or near-optimal supply chain configurations in relation to the objective functions. These methods entail the determination of the physical structure of the supply chain as well as the flow of materials between tiers, enhancing the general visibility and traceability of the supply chain analysed.
Supplier selection and evaluation papers are by definition limited to only a dyad being involved in the measurement process. On the other hand, these methods balance the limited extent coverage with a wide range of environmental aspects, often including emissions to water, which are widely neglected in the literature, as pointed out in the "Environmental aspects" sub-section. Heuristic methods are the most prevalent model type for this scope, followed by analytical and hybrid models. Generally, these methods provide effective support for decision-making, either by ranking the suppliers, like in Sarkis and Dhavale (2015) , or scoring the suppliers as well, like in Kannan et al. (2015) .
Finally, papers focusing on assessment of the supply chain usually adopt analytical models, which are more frequently applied to extended supply chains as discussed earlier. Papers on "assessment of the supply chain" focus specifically on the measurement of the supply chain environmental performance, whereas the other two scope categories include this step as functional to other managerial decisions. Because of the combination between the methodological choices and the more specific focus, the supply chain extent covered by these papers is typically expanding beyond the 1 st tier and showing applicability to extended supply chains in 40% of the instances. However, the extensive inclusion of supply chain tiers covered is accompanied by a narrower focus in terms of environmental inputs and outputs considered, limited to environmental inputs and emissions to air. A trade-off can thus be identified between the extent of the supply chain and the range of the environmental aspects considered, indicating that a compromise is made. "Supplier evaluation and selection" methods perform best in environmental aspects range but are very limited in terms of supply chain extent, whereas "assessment of the supply chain" methods offer the best applicability to extended supply chains but consider limited environmental aspects.
Discussion
Implications for researchers and future research directions
Each research question led to a number of key findings and implications for researchers, while additional implications arose from the combined evaluation of research questions. These implications along with research directions are explicated in this section.
RQ1: What environmental performance metrics are adopted at the supply chain level?
A large variety of quantitative environmental measurements with very limited consistency was identified in the literature. Even though limiting the scope to environmental and quantitative measurements only, this finding confirms the analysis of Ahi and Searcy (2015) in the broader SSCM field. The growing body of literature on this topic is still at a divergent stage and a progressive standardisation in the future will be required to adopt similar units of reference. The extreme variety in the metrics adopted limits the applicability of developed methods for benchmarking applications.
Environmental metrics are applied "to compare trends over time, to compare results with targets and to benchmark a company against others" (Gerbens- Leenes et al., 2003) . While the first two objectives are achieved by the existing literature as consistency is achieved within the boundaries of each work, the last is currently missing due to the lack of standardisation in the metrics adopted and the lack of external reference values to compare results, thus making environmental measurements selfreferential to specific studies and supply chains. Scholars often addressed the same environmental categories but adopted heterogeneous metrics, with very limited evidence of consideration of the metrics from techniques adopted by practitioners such as Global Reporting Initiative, SCOR model, Environmental European Agency or ISO 14000 series. Few exceptions include Mintcheva (2005) , Nikolaou et al. (2013) , Salvado et al. (2015) and Varsei et al., (2014) . Therefore, this study calls for a standardisation of metrics in the GSCM future research to build a more homogenous body of research allowing the comparability of different studies and results. It also calls for a progressive merging of the perspectives from academia and industry in the future to further enhance the environmental metrics standardisation and studies comparability. While scholars can foster the development of standardised environmental metrics in the future, their application in operating contexts is largely dependent on the pressure companies are facing to adopt them. Regulatory bodies and third party organisations can effectively contribute towards the standardisation, whereas it is unlikely that this contribution will come from single supply chains as each is driven by different objectives.
The review also identified that a holistic evaluation of the environmental performance is still rare, with scholars focusing on limited sets of indicators that address specific environmental categories. Two patterns of environmental categories were identified thanks to contingency analysis. The efficiency oriented measurements tackling environmental aspects that generate monetary expenditure and the regulatory oriented measurements, which are largely based on the emissions to air. In the first case, interest for sustainable performance of supply chains is still led by the economic performance looking for win-win situations with the environmental performance, while in the latter case the regulatory schemes introduced in certain sectors and geographical areas triggered the interest of academics. Researchers will need to merge in future models these perspectives in order not only to obtain a holistic evaluation of the environmental performance but also to avoid a narrow approach to optimisation of the performance. Only the simultaneous consideration of all categories can lead to the identification of trade-offs between different environmental aspects and to a holistic improvement of the system examined.
The findings show that attention is still limited to the 1 st tier beyond the focal firm in the majority of cases, whereas the evaluation of extended supply chains is still at a developing stage. This finding highlights the need for improved supply chain traceability and visibility by the main players in the chain or the development of appropriate indirect mechanisms to reach sub-suppliers in multi-tier supply chains, to achieve a holistic supply chain-wide evaluation of the environmental performance.
The drawback of focusing on a limited supply chain extent appears particularly severe in the current competitive environment where global supply chains with multiple tiers are the norm (Kovács, 2008) , as poor environmental performance of a single tier may cause an overall environmentally unsustainable behaviour of the entire supply chain (Miemczyk et al., 2012) . The current dominant approach is paying attention only to direct business partners, demonstrating that GSCM is still far from being accomplished. The shift from green supplier selection to GSCM is still to be completed, at least for quantitative performance measurement of green supply chains; environmentally sustainable supply chains cannot be achieved by working only with first-tier partners (Genovese et al., 2013) .
Research on quantitative models to measure supply chain environmental performance is still lagging behind in successfully reaching multi-tier and extended supply chain contexts. Therefore, this work calls for an expansion of the supply chain extent covered by GSCM performance measurement methods to achieve an effective supply chain-wide assessment and to avoid a potential underestimation of the true supply chain environmental impact. Identifying mechanisms to overcome the existing limited supply chain visibility and reach sub-suppliers located further upstream is a key challenge for researchers. Focal companies could either access directly the subsuppliers augmenting their influence over the supply chain, work indirectly through their 1 st tier suppliers and customers to access the extended supply chain or work with third parties (Tachizawa and Wong, 2014) . While the direct and indirect approaches are driven by the organisations only, the last requires some supportive infrastructure. This could be provided either by NGOs, industry association or governmental bodies, which can pressure companies to address the environmental performance of their supply chain. Upcoming regulations such as the EU Environmental Footprint are an example. Working with external third parties would also contribute towards the standardisation of environmental metrics. Researchers will have to cope with challenges specific to the adoption of quantitative data across different organisations, including confidentiality and availability of data while taking into account the multiple organisation nature of supply chains. An interesting expansion to this work would be to look at the mechanisms adopted in multi-tier and extended supply chains to reach and collect data from sub-suppliers.
Finally, future research needs to pay particular attention to the downstream network, which is currently overlooked compared to the upstream network due to the limited liability of companies for the behaviour of their customers (Kovács, 2008) . Measuring the environmental performance of usage and end-of-life management lifecycle stages looks critical, especially due to the complexity of accessing data (Michelsen et al., 2006) . A key challenge for future research will be to develop methods to collect and share environmental data about product lifecycle stages that are beyond the control of any organisation in order to move from the dominant cradle-to-gate to the cradle-to-grave approach.
The analysis shows the dominance of two model types: mathematical programming and analytical models. Regarding the relationship between the type of method and the extent of supply chain covered, analytical models were identified by contingency analysis as the most frequently used to address extended supply chains, looking as the most promising method for future researchers to expand the supply chain extent coverage.
The paper scope and model types relationship exploration identified several strong associations: mathematical programming is primarily adopted for the design and optimisation of green supply chains, heuristic methods for green supplier selection and evaluation, and analytical models for the assessment of the supply chain performance. Considering the novelty of the research field, it is likely that the body of research will develop in three major streams in the future, based on a different purpose of the research and on consistent differences in the definition and boundaries of the supply chain. The analysis also revealed that papers focusing on the assessment of the supply chain show an excellent applicability to extended supply chains. On the other hand, supplier selection and evaluation papers proved to provide the most extensive coverage in terms of environmental aspects considered, for both environmental inputs and outputs.
RQ 1 & RQ 2: Environmental performance evaluation coverage and supply chain extent coverage An identified key future challenge for researchers identified will be to overcome the observed tradeoff between the scope of environmental performance and the extent of supply chain effectively measured. No paper analysed considers the extended supply chain while addressing and measuring all environmental aspects. The closest papers to this criterion are Koh et al. (2012) , Michelsen et al. (2006) and Varsei et al. (2014) , including four environmental categories while addressing extended supply chains and Adhitya et al., (2011) , considering one upstream and two downstream tiers while still addressing all environmental categories. , 2015) . The inclusion of environmental metrics followed as organisations recognised the importance of sustainability and of measuring non-financial aspects (Shen et al., 2013) . However, environmental measurements were initially narrow in terms of scope, focusing on specific environmental categories while addressing a limited extent of the supply chain. Research further developed in two directions (solid arrows in Figure 10 ): either broadening the scope of environmental performance evaluation coverage or extending the supply chain extent coverage. However, no work was identified to progress sufficiently along both dimensions. Expanding simultaneously the comprehensiveness in terms of both environmental aspects considered and supply chain extent (dotted arrows in Figure 10 ) is identified as a key direction for future research. This would ultimately lead to a more comprehensive evaluation of the environmental performance of a supply chain, avoiding an underestimation of the true environmental impact due to too narrow approach in terms of environmental performance or extent of supply chain.
Limitations of the study
As every piece of research, this study is not immune from limitations, despite the emphasis in accuracy and rigour in the methodological choices made. First, the size and content of the sample is affected by the database selection: other databases apart from Scopus and Web of Science may have offered the opportunity to consider additional publications as well as the consideration of documents from the practitioner community. Moreover, as in every literature review process, a number of decisions still required a degree of subjectivity by reviewers, potentially affecting the final results. Finally, every type of classification, despite providing a structured and summarised understanding of the body of research, suffers from constraints and thus may not adequately convey the complexity and the specific in-depth features of every paper. This was particularly observed in the environmental measurements evaluation, where some measures fell among multiple categories and required an authors' decision about their classification, as well as in the supply chain extent evaluation, when the chain was described by the activities rather than the organisational entities involved. A careful analysis was required in these cases to assess the papers according to the categories adopted in the review.
Conclusions
This work aimed to identify quantitative methods developed to measure the environmental performance of supply chains, classify and evaluate their key features by systematically reviewing the literature at the intersection of the performance measurement and GSCM fields. 78 papers were evaluated according to the environmental aspects measured, the extent and type of supply chain addressed, the scope and the methods adopted. This work is the first to identify which supply chain tiers are effectively considered in environmental performance measurement along with the features of the supply chain examined. It also discussed the relationships between the supply chain characteristics and the other dimensions evaluated in the review. The analysis led to a number of key findings, leading to several implications for researchers.
A large variety of environmental measurements with very limited consistency was found in the literature. A progressive standardisation of environmental measurements to enhance benchmarking and the comparability of different studies would be beneficial in the future research. Moreover, the integration of the efficiency-oriented and the regulatory-oriented measurements would lead to a holistic evaluation of the environmental performance and avoid a narrow approach to the performance optimisation.
Regarding the supply chain extent coverage, the majority of methods do not measure the environmental performance beyond the 1 st supply chain tier, while the evaluation of extended supply chains is still limited. Current approaches could strongly underestimate the true environmental impact of the supply chain by addressing the focal company and 1 st tier business partners only, especially considering the global multi-tier nature of contemporary supply chains. Green supplier selection is a necessary step to improve the environmental performance, but it is only an intermediate step towards GSCM. The identification of mechanisms to reach sub-suppliers and to improve the visibility and traceability in multi-tier supply chains stand as key challenges for researchers. Finally, a gap in the measurement of downstream supply chains was identified, due to the challenges in accessing data from usage and end-of-life management stages.
Moreover, strong associations were identified both between the model types and the supply chain extent coverage and between the model types and the scope of the paper. Analytical models were identified as the most appropriate to measure the environmental performance of extended supply chains. The findings also suggest that the body of research of GSCM performance measurement is likely to develop along three main directions depending on the scope of the work, which will be complemented by consistent methodological choices and different definitions of the supply chain boundaries.
Finally, a trade-off between the environmental aspects and the supply chain extent coverage was highlighted, demonstrating that currently no method achieves a holistic evaluation of the supply chain environmental performance. Future research needs to address this gap in the literature and develop such methods and models, as highlighted in the framework of Figure 10 .
The identification of several research gaps both through the three research questions and the combined evaluation of different dimensions of analysis represents the core contribution of this work, helping to shape future research and direct model development in the area of quantitative modelling for GSCM performance measurement.
This research is the first to analyse simultaneously the environmental metrics, the supply chain extent coverage and model types adopted for quantitative performance measurement of GSCM, exploring the relations between these three dimensions. The supply chain extent coverage is the most innovative aspect, providing a detailed mapping of what tiers of the supply chain are actually involved in environmental performance assessment. This helps to clarify the scope of the supply chain dimension in GSCM performance measurement research and to identify model types and other relevant features to expand the currently limited supply chain extent coverage.
